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(54) Method of transmuting an ADSL signal simultaneously with an ISDN signal 



(57) A flexible asymmetrical digital subscriber line 
(ADSL) transmitter is able to operate simultaneously 
with integrated services digital network (ISDN) terminal 
equipment (TE) using a common telephone line (18) . 
The ADSL transmitter changes ihe frequency content of 
a frequency-encoded ADSL signal (104) so that its fre- 
quency content does not overlap the frequency content 
of the ISDN TE clgna) A corresponding ADSL meat/or 
located within a central office (CO) adapts to the 
changed frequency content, allowing the ADSL signa! to 




be transmitted over the telephone line without substan- 
tial loss of signal Integrity. In one embodiment en ADSL 
transmitter (1 00) converts ADSL symbols making up the 
freojioncy-encoded ADSL sfgnal (104) into a corre- 
sponding time domain signal. The transmitter (100) then 
Interpolates the lime domain styiai and high pass filters 
the interpolated signal This high pass filtered signal is 
then converted Id analog form, bandpass filtered, and 
driven onto the teiephwia line (18).. 
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Description 

Cross Reference to Related Ap pftajiftpc 

A related application entitled Tlexfole Asymmetri- 
cal Digital Subscriber Line (ADSL) Receiver. Central 
Office Using Same, And Method Ther Bfbr\ by RyWcW et 
al. and having Attorney Docket Number SC90041A, k> 
filed concurrently herewith, and assigned to the 
assignee hereof. 

Field of the Invention 

This invention relates generally to communications, 
and more particularly, to ah asymmetrical digital sub- 
scriber line (ADSL) transmitter 

Background of the fnytm^ 

The North American Integrated Service Digital Net- 
work (ISDN) Standard, defined by the American 
National Standard Institute (ANSI), regulates the proto- 
col of information transmissions ever telephone- lines. In 
particular, the ISDN standard regulates the rate at 
which information can be transmitted and in what for - 
mat ISDN allows fu0 duplex digital transmiseion of two 
64 Hlo bit per second data channels and then greatly 
exceeds the capabilities of data transmission using con- 
ventional analog modems. 

In order to make high data rate Interactive services 
such as video conferencing available to more r esHential 
and small business customers, high-speed data com- 
munication paths are required.. Although fiber optic 
cable is the preferred transmission media tor such high 
data rate services, it Is not readfly available in existing 
cormnunicafions networks, and the expense of Installing 
fiber optic cable is prohbrirva Current telephone wiring 
connections, which consist of copper twisted-pair 
m«fia. are not designed to support the data rates, or 
bandwidth, required for interactive services. Asymmet- 
ric Digital Subscriber Lines (ADSL) technology has 
been developed to Increase the effective bandwidth of 
existing twisted-pair connections, allowing Interactive 
services to be provided without requiring the installation 
of new fiber optic cable. 

Discrete Multi-Tone (DMT) is a multicarrier tech- 
nique thai divides the available bandwidth of twisted- 
pair connections into many subchannels. The DMT 
technique has been adopted by the ANSI T1E1..4 
(ADSL) committee tor use in ADSL systems. In ADSL, 
DMT is used to generate 250 separate 4.3125kHz 
subchannels Irom 26kH2 to 1.1MHz for downstream 
transmission to the end user, end 26 subchannels from 
26kHz to 136kHz for upstream transmission by the end 
user The transmission capability of the individual 
subchannels are evaluated tor each connection, and 
data is allocated to the subchannels according to their 
transmission capabilities (the number of tits each 
subchannel can support) Subchannels that are not 



capable of supporting data transmission are no! used, 
whereas the bit-carrying capacity of subchannels that 
can support transmission Is maximized. Thus, by using 
DMT in an ADSL system, the transmission capability of 

j each twisted-pair connection is rnajdmized over the 
foced bandwidth. 

Once the transmission capability of a connection 
has been established, the data transfer process begins 
by encoding the data. Data In an ADSL system Is 

io grouped In frames, where a frame represents a time- 
slice of the data to be transmitted. Bits from the frames 
are assigned to the subchannels based on the number 
of bits that each subchannel can support and the 
subchannels are encoded by creating a frequency- 

15 domain vector set Frequency-domain vectors in the 
vector set use phase and magnitude components to 
encode the values of the bits. An Inverse Fast Fourier 
Transform (IFFT) performs a frequBncy-to-tirne conver- 
sion of the frequency-domain vectors, resulting In digital 

20 time-domain information. A digital-to-analog converter 
(DAC) then converts the digital information to an analog 
signal which a transmitter transmits onto the copper 
twisted-pair media. 

ISDN operates in a frequency range between 0 kHz 

a and BOhHz Because ISDN and ADSL have overlapping 
frequency bands, both ISDN data and ADSL data can- 
not be automatically transmitted on the same twisted- 
pair at tie same time One prior art technique to allow 
simultaneous transmission Is to prevent, through ftfter- 

oo Ing, the central office ADSL receiver from receiving a 
DMT signal in 0Hz to 80 kHz frequency range Though 
this would allow the ADSL and ISDN receivers to oper- 
ate simultaneously, the throughput of the ADSL chan- 
nels are reduced because ail of the channels cannot be 

35 utilized. 

Brief Descriotton of tfia Drying* 

FIGL 1 Illustrates, in block diagram farm, an asym- 
<0 metric digital subsenber line (ADSL) transmitter accord- 
ing to the prior art, 

FIQ. 2 Illustrates, in block diagram form, an ADSL 
receiver according to the prior art. 

Fia 3 illustrates, In block diagram form, an asym- 
4S metric digital subscriber line (ADSL) system which 
allows simultaneous integrated services digital network 
(ISDN) transmission over me same telephone line, 
according to the present Invention. 

FIQ. 4 Illustrates, in block diagram form, a first 
so embodiment of an ADSL transmitter tor use in the sys- 
tem of FIQ. 3- 

FIG. 5 illustrates a graph of the spectral contents of 
signals conducted in the transmitter of FIQ. 4 

FIG 6 illustrates, in block diagram form, a second 
55 embodiment of an ADSL transmitter tor use In the sys- 
tem of FIG. 3. 

Fia 7 illustrates a graph of the spectral contents of 
signals conducted in the transmitter of FIG 6. 

Fia e Jlustrates, In block diagram form, a third 
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enfcodimeM of an ADSL transmitter for use in the sys- 
tem of FIGL 3 

FK3. 9 illustrates a graph of the spectra) contents of 
signals conducted in lha transmitter of FIG. 8. 

FIG. 10 illustrates, in block cfiagram farm, a fourth 
embodiment of an ADSL transmitter for use in the sys- 
tem of FIG 3. 

FIG 11 illustrates a graph of the spectral contents 
of signals conducted fn the transmitter of FIG. 10 

FIG. 12 Illustrates, in block diagram form, a first 
embodiment of an ADSL receiver for use in the system 
of FIG. 3. 

FIG 13 illustrates a graph of the spectral contents 
of signals conducted In tha receiver of FIQ. 12. 

FIG Mfllustrates. in block diagram form, a second 
embedment of an ADSL receiver for use In the system 
of FIG 3 

FIG. 15 Illustrates a graph of the spectral contents 
of signals conducted in the receiver of FIG 14. 

FIG, 16 illustrates, in block diagram form, a third 
embodiment of an ADSL receiver for use in the system 
ofFi&a. 

FIG 17 aiustrates a graph of the spBdral contents 
of signals conducted to tha receiver of FIG 16. 

FIG. 18 illustrates. In block diagram form, a fourth 
embocffmem of an ADSL receiver for use in the system 
of FIG 3 

FIG 19 illustrates a graph of the spectral contents 
of signals conoXicted in the receiver of Fia 1 8 

Description of a Preferred gfrtf^H 

Generally, flie present invention provides an ADSL 
transmitter for providing a modified ADSL upstream sig- 
nal from a remote termina] on a twisted-pair copper wire 
that is also being used tor ISDN communications. The 
transmitter modifies the ADSL upstream signal to allow 
this simultaneous usage. The transmitter ahers the fre- 
quency content of the ADSL signal so that it has a fre- 
quency content above an ISDN frequency content 
Thus, the ADSLsigna! does not Interfere with the ISDN 
signal In one embodiment the transmitter modifies the 
ADSL upstream signal after performing aS the digital 
signal processing necessary to create the frequency 
encoded ADSL symbols. Thus, the transmitter may be 
adapted from existing ADSL transmitters which compty 
with the present ADSL standard, with a rranimum of cir- 
cuit modification. 

FIG. 1 illustrates in block diagram form an Asym- 
metric Digital Subscriber Una (ADSL) transmitter 10 
according to the prior art Transmitter 10 generally 
includes a digital signal processor (DSP) 1 1 , an inverse 
fast Fourier transform (IFFT) 12, a high pass filter 1 3. a 
digital to analog converter (DAC) 14, and a band pass 
fitter 15. all of which are coupled to a telephone trans- 
mission line represented as a twisted pair of conductors 
18. Note that in transmitter 10 of FIG 1 additional signal 
processing functions such as an echo canceller, a trans- 
mission line hybrid, and tha Dko are present but or© 
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omitted tor ease of discussion. Also connected to 
twisted pair 18 is a telephone receiver 16 labeled 
TOTS TRANSCEIVER". POTS TRANSCEIVER 16 Is 
eo designated because it is a conventional telephone or 

5 >tain old telephone set\ 

DSP 11 represents the digital signal processing 
functions necessary to implement an upstream ADSL 
channel and includes all the functions defined by the 
ANS T1,43 standard. DSP 11 has an output for pravid- 

io ing 32 complex symbols. Each symbol Is represented by 
a real and imaginary component and represents tha sig- 
nal in predetermined frequency bands as defined by the 
ADSL standard The effective data rate of DSP 11 is 
Z76 krlowords per second (KVWs), in which each word 

ts represents either a real portion or an imaginary portion 
ol the complex symbol DSP 11 may bo Implemented 
with a general-purpose digital signal processor such as 
the DSP55300 available from Motorola, fcic. with appro- 
priate software, a special-purpose DSP, or some combl- 

so nation of the two. 

1FFT 12 is a signal processor block which converts 
the real and imaginary symbols into a corresponding 
time domain representation and may be any conven- 
tional IFFT signal processor. IFFT 12 outputs a time 

ss domain signal at a data rate of 276 kW/s High pass fil- 
ter 13 has an Input connected to the output of IFFT 12 
and an output. High pass filter 13 Is a digital high pass 
fBter whfch provides a low frequency cut off at approxi- 
mately 26 kHz. High pass fBter 13 provides an output 

so also at 276 kW/s, DAC 14 has an input connected to the 
output of high pass filter 13 and an output DAC 14 con- 
verts the high pass filtered digital signal Into a corre- 
sponding analog representation. DAC 14 may ba any 
conventional DAC architecture such as sigma delta, 

35 resistor ladder, or the like Band pass filter 15 has en 
input connected to tha output of DAC 14, and an output 
connected to twisted pair 18 via a transmission line 
hybrid (not shown in Fia 1) Band pass filter 15 has a 
pass band between a 26 kHz and 138 kHz POTS 

40 TRANSCEIVER 16, being designed for transmitting 
voice signals, has a bandwidth of from 0 to 4 kHz. Thus, 
the connection of POTS TRANSCEIVERS to twisted 
pair 18 does not Interfere with the ADSL transmission 
because the frequency contents of the two signal 

6 sources are non-overlapping. 

FIG 2 illustrates in block diagram form an ADSL 
receiver 20 according to the prior art ADSL receiver 20 
may be used as a receiver of upstream ADSL data at a 
central office (CO) and may be used In conjunction with 

so transmitter 1 0 of FIG. 1 . Receiver 20 includes generally 
a band pass filter 21, an analog-to-digital converter 
(ADC) 22, a high pass filter 23, a fast Fourier transform 
(FFQ 24, and a DSP 25. Band pass fitter 21 has an 
input connected to twisted pair 18 through a transmis- 

£5 don Gne hybrid, not shown, and an output Band pass 
fater 21 has a pass band between 26 kHz and 138 kHz 
ADC 22 hac an Input connected to the output of band 
pass fitter 21 and output. ADC 22 may use any conven- 
tional anabg-to-digital conversion technique such as 



3 



NUV-I>tff IHU WW 



P , 05/21 



5 EP0795 

sigma-deita, successive approximation, and the like. 
ADC 22 provides an output at a data rate of 276 kVWfc, 
High pass filter 23 has an input connected to the output 
or ADO 22. and an output High pass titter 23hasaiow 
frequency cutoff of 26 kHz, and provides its output $tg- $ 
nal at a data rate of 276 kW/s FFT 24 has an input con- 
nected to the output of high pass filter 23, and an output 
FFT 24 provides 32 complex numbers, each having a 
real and an imaginary component representing the sig- 
nal in various frequency bands associated with the 10 
upstream data transmission defined by the ADSL stand- 
aid. FFT also provides Hs output at a data rate of 27G 
KW/s. DSP 25 has an input connected to the output of 
FFT 24, and an output for providing a signal labeled 
•DATA". Note that receiver 20 performs the analogous is 
functions of tmnemitter 10. but in the opposite direction. 
Considering FIG*. 1 and 2 together, transmitter 10 
and receiver 20 may be used to Implement an ADSL 
upstream data channel. In addition, POTS transceiver 
16 is able to operate simultaneously on the same 20 
twisted pair 18. Thus, a voice telephone call may occur 
at the same time as an ADSL transmission* it may also 
be desirable to connect an ISDN signal source to 
twisted pair 18. However, the ADSL upstream system 
would not operate reliably because the output signal 25 
provided by transmitter 10 to twisted pair 18 has fre- 
quency content in the range of 26 kHz to 1 38 kHz, which 
would cause interference with the ISDN signal having a 
0 to 80 kHr frequency content 

The present invention can be more fully described so 
with reference to FKSs. 3 * 19- FIG. 3 illustrates, in bfock 
diagram form, a communication system 30 which allows 
simultaneous transmission of ISDN and ADSL over the 
same telephone line according to the present invention 
Communication system 30 includes ADSL central office 35 
40, ADSL remote terminal 32, ISDN transceiver 38, and 
ISDN transceiver 46. ADSL remote terminal 32 includes 
ADSL transceiver 34 and splitter 3a Coupled to ADSL 
remote terminal 32 may be a communications device, 
such as television receiver 48. Twisted pair 18 couples <o 
the ADSL remote terminal 32 to the ADSL central office 
40 Coupled to ADSL central office 40 may be a commu- 
nications device, such as video server 58. 

ADSL central office 40 Includes ADSL transceiver 
42 and splitter 44. Splitter 44 couples ADSL transceiver <s 
42 to twisted pair 18, and spite received ISDN and 
ADSL signals to the appropriate corresponding 
receiver Likewise, splitter 44 couples transmitted sig- 
nals from both the ISDN transmitter and the ADSL 
transmitter to twisted pair 18- Splitter 44 includes band so 
pass fifter circuits for Isolating the received ADSL sig- 
nals from the ISDN signab, and circuits for combining 
the ADSL signals with thB ISDN signals for transmission 
over the twisted pair. SpKtter 36 function in the same 
manner as sputter 44. and splits or combines ADSL and ss 
ISDN signals as necessary 

Communications devices, such as telephone 52 or 
computer terminal So may be coupled to ISDN trans- 
ceiver 38. Likewise, coupled to ISDN transceiver 46 
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may be computer terminal 56 and/or telephone 54, In 
operation, communication system 30 allows simultane- 
ous transmission and reception of ISDN and ADSL ag- 
nate on twisted pair 1a ADSL transceiver 34 includes 
an ADSL transmitter in accordance with the present 
invention, as BJustrated In detail In FIG. 4. FIQ. 6, FIG . 8, 
or FIG. 1 0, ADSL transceiver 34 transmits an upstream 
ADSL signal across twisted pair 18 to ADSL central 
office 40. ADSL transceiver 42 and centra) office 40 
Includes one of the receivers illustrated in FIG. 12, FIG. 
14. FIG. 16, or FIG. 18 and receives the upstream data 
signal from ADSL transceiver 34. As will be described 
later and in more detail. ADSL transceiver 34 shifts or 
modules the upstream ADSL signal up to a higher fre- 
quency band than that used by an ISDN network. The 
modified upstream ADSL signal can be transmitted 
along twistedpair 18 simultaneously with the ISDN sig- 
nal An ADSL receiver of ADSL transceiver 42 of the 
central office 40 band pase filters the ISDN signal and 
returns the modified upstream ADSL signal back to its 
original spectral band where it Is converted to Digital 
output data for use by a DSP. The downstream ADSL 
from ADSL central office 40 is modified so that it does 
not use the frequency band occupied by the ISDN sig- 
nal. This modification is accomplished by changing the 
cut off frequency of the high pass filter of the down- 
stream transmitter of ADSL transceiver 42 and of the 
high pess fitter of the downstream receiver of ADSL 
transceiver 34 

FIG 4 Illustrates in block diagram form a first 
embodiment of an ADSL transmitter 1 00 for use in com- 
munication system 30 of FIG.. 3. ADSL transmitter 100 
Indudes generally DSP 1 1. an IFFT 106, an Interpolator 
1 10. a high pass fitter 1 14. a DAC 1 1 8. and a band pass 
fBter 122. DSP 11 performs the same signal processino 
functions as DSP 1 1 of FIG. 1 to provide an output 104. 
Output 104 conducts 32 cornplax symbols, each having 
a real and an imaginary component at a data rate of 
276 Wlowords/second (kW/s). IFFT 106 has an input 
connected to output 104. and an output 108. IFFT 106 
provides a time domain representation or the 32 com- 
plex symbols conducted on output 104 at a data rate of 
276 kW/s. Interpolator 110 has an Input connected to 
output 108, and an output 112 Interpolator no con- 
verts the 276 kW/s time domain signal on output 108 
into a 552 kW/s interpolated signal on output 112. inter- 
polator 110 may be implemented by using any conven- 
tional digital interpolator High pass filter 114 has an 
input connected to output 1 12, and an output 1 16. High 
pass filter 114 has a cutoff frequency of 138 kHr and 
rolls off between 80 kHz and 138 kHz such that no eig- 
nHicant signal energy below 80 kHz Is present in the 
high pace filtered signal provided on output 116, DAC 
118 has an input connected to output 116, and an out- 
put 120 DAC 1 18 converts the high pass I3tered signal 
on output 116 into analog form- DAC 118 may use any 
conventional DAC architecture such as sigma delta, 
resistor ladder, and the like Preferably, DAC 118 is 
implemented as a sigma-defta converter due to the 
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ease of implementation using well known digital cir- 
cuHry. Band pass fitter 122 has an input connected to 
output 120. and an output connected to twisted pair 18 
through a transmission line hybrid, not shown in PIG. 4. 
Band pass filter 122 has a pass band between 133 kHz 5 
and 276 kHr. 

In operation, transmitter too is able to provide a 
modified ADSL upstream signal to twisted pair 18 stmul* 
taneously with the operation of an ISDN transceiver on 
the same physical medium. Transmitter 100 alters the to 
frequency content of the ADSL symbols by changing 
the frequency bands in which there Is significant energy 
to those frequency bands which do not overlap with the 
frequency content of tho ISDN signal source. Note that 
transmitter 100 achieves the frequency alteration with* is 
out substantially affecting the operatisn ol DSP 11 in 
creating ADSL symbols. Thus trensmitter 100 may be 
constructed from an existing standard-compta! ADSL 
transmitter, such as transmitter 10 of FIG. 1. with mini- 
mal circuit modification. *o 

PIG 5 illustrates a graph o? the frequency contents 
of signals conducted in transmitter 100 of FIG, 4, in FIQ 
5 and in succeeding FIG&, the vertical axis represents 
power density which is measured, tor example, in watts 
per hertz (VWHz). The horizontal axis represents fre- zs 
quency and is measured ia for exampto, Hz Each sig- 
nal Is designated by its corresponding reference 
number to the left of the vertical axfc. The baseline 
value Is designated y, which theoretically Is zero out in 
an actual implementation may be ron zero due to white so 
noise Cross-hatching represents the power densrty 
Introduced by an ISDN signal source. 

Considering now Fl»3. S in conjunction with FIG 4. 
output signal 108 has significant frequency content 
between Oand 138 kHz. Interpolator 110 provides out- ss 
put signal 112 by interpolating signal 108. The effect of 
this Interpolation Is to mirror the power spectrum around 
the frequency of 138 KHz. Hgh pass filter 114 then 
attenuates those frequencies between 0 snd 80 kHz. 
such that output signal 116 has a relatively small power 40 
density between 0 and 138 kHz and a pewer density 
between 138 kHz and 276 kHz which corresponds to 
the power density ol output signal 108, but in a different 
frequency range- DAC 118 provides sn analog output 
signal 1 20 which has substantially the same power den- «s 
slty as output signal 118 but Is represented in analog 
form. Note that if DAC 118 ic bnplemented using sigma- 
delta techniques, an additional low pass ncise shaping 
titter is required to f Bter out the quantization nciee intro- 
duced into the frequency spectrum. Band pass filler 122 so 
then provides additional filtering tor those frequencies 
outside the range cf 138 hH* to 276 kHz. 

Note that due to the presence of en ISDN signal 
source connected to twisted pair 13, there will be an 
additionaJ signal wHh significant pownr density between ss 
0 and 80 kHz present on twrsted pair 18. However, due 
to the action of transmitter too. these two frequency 
spectra do not overlap. Thus, tnmsmiaer 10D is aWe to 
transmit an ADSL upstream oignal over a cortvnon tete- 
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phone line simultaneously with an ISDN signal source 
without Interference. Note that in addition to allowing the 
simultaneous operation of an ISDN signal source on 
twisted pair 1 8. transmitter 1 00 Is able to operate simul- 
taneously with any other signal source which only has a 
frequency content below 138 kHz 

FIG, 6 aiustrates In block diagram farm a second 
embodiment of an ADSL transmitter 1 30 tor use In con> 
rmmication system 30 of FIG. 3, As in transmitter 100. 
transmitter 130 included DSP 11. IFFT 106, interpolator 
1 10. DAC 1 18. and band pass later 122 all of which aro 
designated by the same reference numbers and oper- 
ate the same as the corresponding components in FIG 

4 

Transmitter 130 differs from transmitter 100. how- 
ever, by Including a low pass fitter 132 and a multiplier 
1 35. Low pass filter 132 has en input connected to out- 
put 11 2, and an output 134, Low pass filter 132 attenu- 
ates frequencies above 138 kHz such that above 218 
kHz no significant signal energy is passed. Multiplier 
135 has a first Input connected to output 134. a second 
input for receiving a signal labeled "MIXING SIGNAL*, 
and an output 136. The mixing signal is a sinusoidal sig* 
nal having a frequency of 276 kHz Since output signal 
134 is adigital signal, the MIXING SIGNAL may be rep- 
resented as a digital sinusoidal signal having values 
alternating between +l and -1, DAC 118 has an Input 
connected to output 138 and converts it to an analog 
representatinn provided as an output signal 1 38 to band 
pass flter 122. Band pass inter 122 has an Input con- 
nected to output 138, and performs band pass filtering 
as described for transmitter 100 of FIG 4 Note as 
before, if DAC 118 Is implemented using slgma-delta 
techniques, it will also Include a low pass quantization 
noise filler. Transmitter 130 Is an alternate way of imple- 
menting the functionality of transmitter 100. Like trans- 
mitter 100, transmitter 130 also allows DSP 11 to 
remain substantially unchanged. 

FIG 7 Illustrates a graph of the frequency contents 
of eignaJs conducted in transmitter 130 of FIG 6. Con- 
sidering now FK3 . 7 *m conjunction with FIG. 6. note that 
signals 108 and 112 are identical to the corresponding 
to the signals of FIG. 5. Output signal 134 has signifi- 
cant power density between 0 and 138 kHz. but has an 
attenuated power density between 138 kHz and 276 
kHz due to low pass f Bter 132. Multiplier 135 mirrors the 
power densfcy of output signal 134 around the fre- 
quency or 133 kHz such that output signal 136 only has 
significant power density between 138 kHz and 276 
kHz Signal Is further attenuated in the range of 
between 0 and 138 kHz through band pass filter 122 
which, aG b&fore, passes frequencies in the range ol 
138 kHz to 276 kHz. As before, twisted pair 18 is able to 
pass information of an ISDN signal source having signif- 
icant power in the range of between 0 and 80 kHz 

FIG 8 Plustrates in block diagram form a third 
embodiment of an ADSL transmitter 1 40 for use in com- 
munication system 30 of FIG- 3. As before, common 
elements are assigned the same reference numbers. 
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Transmlttef 140 Includes generally DSP 11, IFFT 105, 
interpolator 110, a DAfc 142, and a band pass finer 144. 
DAC 11, IFFT T06, and Interpolator 110 operate as 
described with reference to HQs. 4 and 6 and will not be 
further discussed. DAC 142 has an input connected to 
output 1 12 and an output 143. Note that DAG 142 may 
operate In the seme manner as DAC 1 18 of FiGa 4 and 
6; however. DAC 142 is connected dlrBCtiyto output 112 
without thB need for a high pass fBter 1 14 as In transmit- 
ter 100. or a low pass filter 132 as in transmitter 130. 
Band pass fitter 144 has an Input connected to output 
143 and an output connected to twisted pair 18 through 
a transmission line hybrid, not shown in Fia 8 Trans- 
mitter 140 differs from transmitter 100 in that bend pass 
filter 144 te used solely to attenuate the frequency con* 
tent below 138 kHz 

FIG. 9 aiusrrates a graph of the frequency contents 
of signals conducted in transmitter 140 of Fia 8. Con- 
sidering now FK3 9 In conjunction with FIG. 8, signal 
108 has significant energy in the range of between 0 
and 138 kHz and as before, output signal 112 has 
energy as well between 138 kHz and 276 kHz- Note that 
DAC 142 passes all these frequencies because any 
noise shaping quantization fitter attenuates signals only 
above 276 kHz However, band pass fitter 144 attenu- 
ates the energy in the signs! In the range of between 0 
and 138 kHz Note that because band pass filter 144 is 
used to f Star significant energy between 0 and 138 kHz 
which was not required for band pass filters 122 of FlGs. 
4 and 6. a sharper cutoff response is required. Thus, 
band pass fitter 144 needs to be implemented with a 
higher quality f2ter than band pass tilter 122. 

FIG- 10 illustrates In block diagram form a fourth 
embodiment of an ADSL transmitter 150 for use In com- 
munication system 30 of FJG. 3. As before, DSP 11 is 
simitar to the DSPs used in transmitters 100, 130, and 
140 However, transmitter 150 Includes a modified IFFT 
152 connected to output 6ignaJ 104. MocSfied IFFT 152 
converts the 32 complex ADSL symbols Into a corre- 
sponding time domain representation provided on an 
output 153. but a higher data rate of 552 kW/a In the 
illustrated embodiment modified IFFT 152 is Imple- 
mented as a 64-lnpul IFFT in which the 32 complex 
Inputs corresponding to 0 to 138 kHz are input with zero 
energy. Note that this modified IFFT may be simplified 
by not computing those calculations which are known 
ahead of time to result in zero. DAC 154 has an input 
connected to output 153. and an output 156. Band pass 
fBter 158 has an input connected to output 156 and an 
output connected to twisted pair 18 through a transmis- 
sion line hybrid, not shown in FIG. 10 

FIG. 1 1 illustrates a graph of the frequency con- 
tents of signals conducted in transmitter 150 of FIG. 10. 
Now considering FIG. 11 in conjunction with FIG. 10, 
modified IFFT 152 provides output signal 153 without 
signHicant energy between 0 and 138 kHz duo to the 
inputting of zero-valued symbols in the range of 0 to 1 38 
kHz. The frequency content between 138 and 276 kHz 
is representative of thB symbols provided on output 1 04. 
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DAC 1 54 preserves the frequency content of output 153 
on output 156 and as before, H implemented as a slgma 
delta DAC has a tow pass quantization noise shaping fil- 
ter with a cutoff frequency above 276 kHz- Sand pass 

5 fJter 158 passes frequencies in the range of 138 kHz to 
276 kHz and thus, allows a 0 to 80 kHz ISDN signal to 
be conducted simultaneously on twisted pair 18 . 

Fia 12 illustrates, in block diagram form, a first 
embodiment of an ADSL receiver 200 for use in the 

to ADSL transceiver 40 of ADSL system 30 of FlO 3. 
Receiver 200 Includes band pass later 201, Analog-to- 
digttal converter 203. decimator 205, fast Fourier trans- 
form 210, and digital signal processor 212, Decimator 
205 includes ISDN high pass fitter 206 and down sam- 

is pier 208 Band pass filter 201 has an input connected to 
twteted pair 18 for receiving an upstream signal, and 
has an output 202 for providing a band pass filtered sig- 
nal. Analog-to-digital converter 203 has an input con- 
nected to output 202 for receiving the band pass f Stored 

so signal, and an output 204 ISDN high pass fBter 206 has 
an input connected to output 204 for receiving the digital 
signal, and an output 207 for providing a high pass fB- 
tered digital signal. Down sampler 208 has an input con- 
nected to output 207, and an output 209. Fast Fourier 

25 transform 210 has an input connected to output 209, 
and en output 211 DSP 212 has an Input connected to 
the output 21 1, and an output for providing digital data 
labeled "DATA*. 

In operation, receiver 200 receives the modified 

30 upstream ADSLsignal and the ISDN signal from twisted 
pair 18, and provides decoded digital data correspond- 
ing to the upstream ADSL signal. 

FK3. 13 illustrates a graph of the spectral contents 
of various signals conducted in receiver 200 of FIG. 12, 

35 Tha graph of FIG- 13 is plotted as power density on the 
vertical axis versus frequency on the horizontal axis- 
Each graph is labeled wrlh a reference number corre- 
sponding to an input or output of receiver 200 having 
the same reference number. Also, each graph starts at 

40 a base power density labeled *p\ The graphs are for 
illustration purposes only and are not drawn to seal a In 
FIGs. 13, 15, 17. and 19. the cross-hatched areas on 
each of the graphs represent ISDN signal as power 
density versus frequency. 

« The operation of receiver 200 will be discussed with 
reference to FIG 12 and FIG 13. As discussed above, 
the ISDN frequencies typically occupy the area from O 
to 60 kHz. Even though most of the frequency content of 
the ISDN signal is in a frequency band up to 80 kHz, 

so thero te residual ISDN energy residing Irom 80 to about 
138 kHz (Blustrated in FIG . 13) The modified ADSL sig- 
nal received by receiver 200 has a frequency content 
that occupies the area from 138 kHz to 276 kHz as 
transmitted by one of the embodiments of transmitters 

55 illustrated above Receiver 200 converts the modified 
ADSL upstream signal from twisted pair' 18 back to a 
standard compliant ADSL signal This allows DSP 212 
to have no significant changes from DSP 25 of prior art 
FIG. 2, thus reducing the cost and complexity of Imple- 
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mentlng receiver 200. 

Band pass fitter 201 band pass fitters the analog 
signals received from twisted pair 18 to attenuate the 
ISDN signal and allow the ADSL signal to pass through 
to analoo/to-ifigital converter 203 Note that m other s 
ernbodimento, the ISDN signal may be replaced wtth 
another signal compliant with another standard, such as 
the tax tone* present In Europe, or POTS In the United 
States. Also, note that tor purposes of clarity and sim- 
plicity, the power density plots, shown in FIG 13, 15. 17, to 
and 19 for all of the <fig'rtal signals, only show frequen- 
cies 143 to one-half of the sampling rata 

AnatoQ-to-digttaJ converter £03 is coupled to output 
204 and provides a plurality of digital signals represent- 
ative of the analog ADSL signal on output 202 In a pre- ts 
ferred embodiment, anaJog-to-digitai converter 203 Is a 
conventtonel sigma-delta converter ISDN high pass fa* 
ter 206 and dedmator 205 further titers the ISDN signal 
provided on output 207. The data rate at outputs 204 
and 207 are 552 kW/s, Down sampler 208 is a conven- so 
tional down sampler and ts coupled to output 207 Down 
sampler 208 shifts, or down samples, the ADSL signal 
back to baseband between about 0 to 1 88 kHz as illus- 
trated in FIG 13 at reference number 209. At the same 
time, down sampler 20B converts the data rate from 552 zs 
kW/s to 276 kW/s Note that in the illustrated embodi- 
ment, down sampler 2D8 down samples by a factor of 
two, However, In other embodiments, the down sam- 
pling may be accomplished using a different factor. 

Illustrated In FIG. 13 for output 207 and 209 ts the 00 
residual power density from the ISDN signal. Any resid- 
ual power density will be recognized as nofse and win 
cause unwanted interference with the ADSL signal 
Therefore, it Is important for ISDN high pass fitter 205 to 
remove, or attenuate, most of the ISDN signal. Note thai as 
there is additional hardware and/or software, such as 
equators, echo cancellers, etc.. placed in tha data 
stream before the FFT {not shown in FIGs. 12. 14, 16, 
and 18), However, the additional hardware or software 
are not relevant for purposes of describing the present <o 
invention, 

FFT 210 receives the signate from down sampler 
208 and converts the signals from down sampler 208 at 
output 209 from the time domain to the frequency 
domain, DSP 212 receives the frequency domain sig* 4s 
nals from FFT 210 and further decodes the signals to 
provide digital output data labeled "OUTPUT DATA" to 
be used by the communications devices such as video 
server 58 illustrated in FIG. 3. In addition to allowing the 
simultaneous operation of an ISDN signal source on so 
twisted pair 18, receiver 200 is able to operate simulta- 
neously with any other signal source which only has a 
frequency content below 138 kHz. 

FIG. 14 illustrates, in Mock diagram form, receiver 

220 in accordance with a second embodiment of the 55 
present Enventioa Receiver 220 includes band pass fil- 
ter 221, analog-tc-digHal converter 223, multiplier 225, 
dedmator 227, FFT 232. and DSP 233 . Band pass filler 

221 has an Input coupled to twisted pair 18 and an out- 



put labeled 222. Analog-to-dlgital converter 223 has an 
Input coupled to output 222 and an output labeled 224. 
Multiplier 225 has a first fnput coupled to output 224 and 
a second input for receiving a mixing signal. In a pre- 
ferred embodiment, the mixing signal is a sine wave 
having a frequency of 276 kHz. Multiplier 225 has an 
output labeled 226. Dedmator 227 Includes low passfiN 
ler 228 and down sampler 22a Low pass filter 228 has 
an Input coupled to output 228 and an output labeled 
230.. Down sampler 229 has an input coupled to output 
230 and an output labeled 231. FFT 232 has an fnput 
coupled to output 231 and an output. DSP 233 has an 
Input coupled to the output ot FFT 232 and an output 
digital data tabbed output data. 

FIG 15 illustrates a graph of the frequency content 
of various signals conducted in receiver 220 . The oper- 
ation of receiver 220 will be discussed In conjunction 
wfih FIGs, 14 and 15, tn operation, band pass filter 221 
receives ISDN signals and modified upstream ADSL 
signals from twistedpair 1a Sand pass filter 221 atten- 
uates tha ISDN signals and passes the ADSL signals as 
illustrated in FIG 15 for the graph of output 222. The 
band pass littered signals are provided to the analog-to- 
digttal converter 223. Anatog-to-digrtal converter 223 
provides a digital representation of the band pass f fl- 
ared signals to the first Input of rnuhiplier 225, Multiplier 
225 folds the ADSL signal from the frequency band from 
138 kHz to 276 kHz a frequency range from 0 to 138 
kHz as illustrated in FIG 13 for output 226. Simultane- 
ously with the folding of the ADSL signal, the ISDN sig- 
nal is shifted up in frequency to 138 kHz to 276 kHz 
Low pass fta 228 further attenuates the ISDN signal 
and passes the attenuated ISDN signal and the ADSL 
signal to down sampler 229, as illustrated in the graph 
for output 230 In FIG. 15. Down sampler 229 of dedma- 
tor 227 receives the low pass filtered signal at a data 
rate of 552 kW/s, and provides a decimated, or down 
sampled, signal at a rate of 276 kW/s as shown in the 
graph for output 281 At the same time, the ISDN resid- 
ual power density is shifted down from the frequency 
band of 138 kHz to 276 kHz to the frequency band of O 
kHz to 138 kHz. The downshifted residual ISON signal 
will be perceived as noise on the ADSL signal as shown 
In the graph tor output 231. Therefore, the total attenua- 
tion provided by band pass filter 221 and low pass filter 
228 determines the power density of the unwanted 
residual ISDN signal- The tower the power density of the 
residual ISDN signal, the better the overall quality of the 
base band ADSL signal, 

FFT 232 performs a HmB domain to frequency 
domain conversion on the signals received from output 
231 , and provides the frequency domain signals to DSP 
233. DSP 233 further decodes the ADSL signals and 
provides digital output data labeled output data to com- 
rmmicaUons devices coupled to communications sys- 
tem 30. 

Receiver 220 provides substantially the same out- 
put as receiver 200 shown in FIG- 12. However, in 
receiver 220, a low pass filter and a mixer are used In 
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place of ISDN high pass fitter 206. This allows the same 
result using slightly different hardware and/or software. 
Nora that In a preferred embodiment, a combination of 
hardware and software Is useo; however, fn other 
embodiments, the filtering and down sampling may db 5 
done in hardware, software, or in a combination thereof. 
FIG. 16 illustrates* in Nock diagram form, receiver 

240 in accordance with a third embocfiment of the 
present invention for use h the system of FI& 3. 
Receiver 240 includes band pass filter 241, analog-to- 10 
digital converter 243. high pass filter 245, modified FFT 
247, and DSP 248- Band pass f8|er 241 has an input 
coupled to twisted pair 13 for simultaneously receiving 
the ISDN signal and the modified upstream ADSL sig- 
nal. Band pass fiftor 241 also has on output labeled 242. is 
Analog-to-digrtal converter 243 has an input coupled to 
output 242 and a plurality of outputs labeled 244 for pro- 
viding a digital slgnaj representative of the signal at out- 
put 24a. High pass fSter 245 has an input coupled to 
oulput 244 and an output labeled 246. Modified FFT 20 
247 has an input coupled to tho oulput cf Ngh pass filter 
245 and an output DSP 248 has an input coupled to the 
output ot the modified FFT 247 and an output labeled 
output data 

FIG, 17 illustrates a graph of the frequency content zs 
of various signals conducted In receiver 240- The oper- 
ation of receiver 240 wis be discussed with reference to 
both of FIGs 1$ and 17. In operation, band pass filter 

241 band pass fBters, or attenuates, the ISDN signal 
received from twisted pair 18. and passes the upstream so 
ADSL signal having a frequency content of between 
138 kHz and 276 kHz The band pass filtered signals 
ere provided to output 242 as fltustrated In FIG 17 Out- 
put 244 includes the cfigitaJ representation of the ADSL 
signal and provides H to high pass mar 245 at a date ss 
rate of 552 kW/s. High pass flter 245 further attenuates 

the ISDN signals and passes tne ADSL signals at the 
same data rate of 552 kW/s. 

Modified FFT 247 functions to convert signals on 
output 246 from the time domain to the frequency 40 
domain The modified FFT 247 shown In FIG. 16 Is 
modified from FFT 210, FFT 257. and FFT 232, in thai 
modified FFT 247 receives data at twice the 276 kW/s 
rate, or 652 kW/s Modified FFT 247 only outputs at a 
data rate of 276 kW/s, This is accomplished by >run- 4$ 
Ing" the outputs of FFT 247 In effect, modified FFT 247 
is essentially a 552 kW/s output FFT that is optimized to 
nova only a 276 kvWs output data rata Tnose outputs 
are also reordered so that the output from FFT 247 
matches the output from FFTs 210, 232, and 257. Note so 
that receiver 240 In FIG. 16 does a reordering and prun- 
ing usingmodrfied FFT247. The reordering is Illustrated 
in FIG, 1S by reversing the slope of the top portion ot the 
ADSL signal. Note that in other embocSments, the reor- 
dering may be accomplished in a DSP Instead of the ss 
FFT The signals outputted from modified FFT 247 are 
provided to DSP 24B. DSP 24B further decodes the 
upstream ADSL signs! to provide digital output data sig* 
nals labeled OUTPUT DATA Unllka the ernbodiments 



shown In FIG. 12 and FIG . 14, receiver 240 provides the 
down sampling function in the modified FFT block, 
rather than using separate decimators with down sam- 
plers. As descried above, the residual ISDN signal will 
appear as noise on the ADSL signal after tha output of 
tha modified FFT 247 (not shown tn FIG. 17). 

FIG. 18 illustrates. In block diagram form, receiver 
250 in accordance with a fourth embodiment of the 
present Invention for use in the system of FIG. 3. 

Receiver 250 includes band pass filter 251, analog- 
to-digital converter 253, down sampler 255, FFT 257, 
and DSP 258- Band pass filter 251 has an input coupled 
to twisted pair 18 and an output labeled 252. Anaiog-to- 
digital converter 253 has an Input coupled to output 252 
and a plurality of outputs 254 for providing a digital rep- 
resentation of the ADSL signal from twisted pah- 16. 
Down sampler 255 has input coupled to output 254. and 
an output 256. FFT 257 has an fnput coupled to output 
256 and an output. DSP 258 has an input ooupied to the 
output ot FFT 257. and an output for providing a digital 
output data labeled 'OUTPUT DATA*. 

FIG, 19 illustrates a graph of the frequency con- 
tents ot various signals conducted in receiver 250 of 
FIG 1 8 tn operation, band pass filter 251 receives both 
ISDN signals and the modified upstream ADSL signals 
from twisted pair 18 and band pass raters, or attenuates, 
the ISDN signals, while passing the ADSL signals to 
output 252. Analog-to-digrtal converter 253 receives the 
band pass filtered signals and provides digital slgnale to 
down sample; 255. The data rate of analog-to-digHal 
converter 253 above the highest frequency of the 
upstream ADSL signal- Output 252 Is illustrated in FIG 
19 raving reference number 252 Output 254 from ana- 
iog-to-dlgrtal converter is Illustrated in FIG, 19 and has a 
sampling rate of 552 kW/s to the input of down sampler 
255. Down sampler 255 provides decimated, or down 
sampled ADSL signals to output 256 mat are shifted 
froml3B kH2to276kHztoa<r«^encybandfrom0to 
138 kHz- As discussed above, the attenuated, or resid- 
ual ISDN signals appear as noise. Down sampler 255 
converts the data rate ot the signal at oulput 254 from 
552 kW/s to a data rate of 276 kW/s, and provides the 
down sampled signal at output 256 

FFT 257 is essentially the same as FFT 210 and 
FFT 232. FFT 257 provides signals at a data rate of 276 
kW/s. DSP 258 further decodes the output of FFT 257 
and provides digrtaJ output data representative of the 
modified upstream ADSL signal 

In contrast to the receivers illustrated above in FIG . 
t2, FIG 14, and FIG. 16, which Include filters In both the 
dighal domain as well as the analog domain, band pass 
filter 251 must perform all of tha filtering of the ISDN sig- 
nals In receiver250 In thB analog domain. Performing ail 
of the filtering and attenuation in the analog domain has 
a disadvantage ot being more expensive than the 
embodiments illustrated above, However, band pass fil- 
ter 251, by attenuating and band pass filtering the ISDN 
signal in the analog domain, eHminates the need for dig- 
ital filtering, allowing a less expensive digital processor 
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since fewer operations are required for pr ocesshg: the 
digital signal 

While the invention has been described in the con- 
text of a preferred embodiment, rt wSI be apparent to 
those slotted In the art that the present invention ma/ be 
modified in numerous ways and may assume many 
embodiments other then that specifically sot out and 
described above. 

Note that while the Nerpolator illustrated In the various 
transmitter embodiments interpolated its input signal by 
a factor of two, which is easily accomplished in digital 
logic circuitry, another interpolation factor may be used 
as well. Also a communication system according lo the 
present invention may also be used with another, non- 
ISDN signal source such as European tax tones, POTS 
transceivers, or any other source ol low frequency sig- 
nal energy. Accordingly; it te intended by the appended 
claims to cover alt modifications of the invention which 
fall within the true spirit and scope of the Invention- 

Claims 

t * An asymmetric digital subscriber line (ADSL) trans- 
mitter (100) for transmitting an upstream signal 
from a remote terminal (RT) (32) to a central office 
(CO) (40) via a telephone One (18). and adapted for 
use with a signal source (33) slntuttaneousty con- 
ducting a signal with a first frequency content via 
the telephone line (18), comprising: 

a frequencyHo-time converter (106) having an 
input for receiving a frequency-encoded ADSL 
data signal (104), and an output for providing a 
processed signal (108) with a second fre- 
quency content; 

an interpolator (110) having an input coupled to 
said output of said frequency-to-time converter 
(106), and an output for providing an interpo- 
lated output signal (1 12) with a third frequency 
content; 

a high pass filter (1 1 4) having an input coupled 
to sakJ output of said interpolator (110), and an 
output for provicSng a high pass filtered output 
signal (1 16) with a fourth frequency content, a 
cutoff frequency of said high pass filter (114) 
being above said first frequency content; 
a cSgrtaMo-analog converter (DAC) (IIS) hav- 
ing an input coupled to saW output of said high 
pass later (1 1 4), and an output; and 
a bandpass filter (122) having an input coupled 
to said output of said OAC (118), and an output 
coupled to the telephone line (18) for providing 
the upstream signal with a fifth frequency con- 
tent; 

wherein the upstream signal is representative of 
said frequency-encoded ADSL data sign*! (104) 
but has said firth frequency content and said fifth 
frequency ccntent and said first frequency content 
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are substantiaBy nonoveriaptng 

The ADSL transmitter (100) of daim 1 wherein said 
interpolator (1 10) operates al a rate equal to twice 
a rate of said frequency-to-time converter (106). 

The ADSL transmitter (1 00) of claim 1 wherein said 
frequency-tcMfme converter (106) comprises an 
inverse fast Fourier transform (1FFT) signal proces- 
sor 

An asymmetric digital subscriber Bne (ADSL) trans- 
mitter (130) for transmitting an upstream signal 
from a remote terminal (RT) (32) to a central office 
(CO) (40) via a telephone isne (18) r and adapted for 
use with a signal source (38) simultaneously con- 
ducting a signal with a fret frequency content via 
the telephone line (18), comprising: 

a frequency-kHime converter (106) having an 
i not it for receiving a frequency-encoded ADSL 
data signal (1 04), and an output for providing a 
processed signal (108) with a second fre- 
quency content; 

an interpolator (110) having an Input coupled to 
said output of said frequency-to-time converter 
(106), and an output for providing an Interpo- 
lated output signal (112) with a third frequency 
content; 

a low pass filter (132) having an input coupled 
to said output ol said interpolator (1 10), and en 
output for providing a low pass filtered output 
signal (134) with a fourth frequency content, a 
cutoff frequency of said low pass fitter (132) 
being above said second frequency content; 
a multiplier (135) having a first Input coupled to 
said output of said low pass titer (132), a sec- 
ond input for receiving a mixing signal, and an 
output (136); 

a digital-to-analog converter (DAC) (1 18) hav- 
ing an input coupled to said output of said mul- 
tiplier (135), and an output; and 
a banefcass fitter (122) having an input coupled 
to said output of said DAC (1 18), and an output 
coupled to the telephone line (1 8) for providing 
the upstream signal having a fifth frequency 
content, 

wherein said upstream signal is representative of 
said frequency-encoded AOSL data signal (104) 
but has said fifth frequency content 

The ADSL transmitter (130) of daim 4 wherein said 
frequency-to-time converter (106) comprises an 
inverse fast Fourier transform (IFFT) signal proces- 
sor. 

An asymmetric digital eubscrtoer line (ADSL) trans* 
mitter (140) for transmitting an upstream signal 
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from a remote terminal (RT) (32) to a central office 
(CO) (40) via a telephone tine (1 8), and adapted tor 
use with a signal source (38) simultaneously con- 
ducting a signal with a first frequency content via 
the telephone line (1 8), comprising: s 

an frequency-to-timo converter (1 06) having an 
input for receiving a frequency-encoded ADSL 
data signal (104), and an output tor providing a 
processed signal (108) with a second fre- iff 
quency content; 

an Interpolator (1 10) having an input coupled to 
said output of said frequency-to-time converter 
(106). and an output for providing an interpo- 
lated output signal (1 12) with a third frequency \s 
content; 

a digitafto-analog converter (DAC) (142) hav- 
ing an Input coupled to said output of said inter- 
polator (110), and an output; and 
a baixfcass fitter (144) tev^ & 
to said output of said DAC (142), and an output 
coupled to the telephone line (16) for providing 
the upstream signal with a fourth frequency 
content said bandpass filter (144) having a tow 
frequency cutoff above said first frequency zs 
content 

wherein the upstream signal is representative of 
said frequency-encoded ADSL data signal (104) 
but has said fourth frequency content » 

7. An asymmetric digital subscriber line (ADSL) trans- 
mitter (150) for transmitting an upstream signal 
from a remote terminal (FTT) (32) to a central office 
(CO) (40) via a telephone line (1 8), and adapted for ay 
use with a signal source (38) simultaneously con- 
ducting a signal with a first frequency content via 
the telephone line (18), comprising: 

a frequency-to-time converter (152) having a *o 
firs! input for receiving said frequency-encoded 
ADSL data signal, and an output forprovicSng a 
processed signal (153) having a data rate 
which is an Integer mulliple of a data rata of 
said frequency-encoded ADSL data signal «s 
(104), eaid processed signal (153) having a 
third frequency content; 
a digital-to-analog converter (DAC) (154) hav- 
ing an input coupled to said output of eaid fre- 
quency-to-time converter (152), and an output; so 
and 

a banopass fitter (158) having an input coupled 
to said output of said DAC (1 54), and an output 
coupled to the telephone line (18) for providing 
the upstream signal with a fourth frequency ss 
content, said bandpass filter (158) having a low 
frequency cutoff above said first frequency 
content 



wherein the upstream signal is representative of 
said frequency-encoded ADSL data signal (104) 
but has said fourth frequency content 

8. The ADSL transmitter (150) of claim 7 wherein said 
frequency-to-time converter (152) further has a 
second input tor receiving a reference signal, 
wherein said frequency-to-time converter (1 52) per- 
forms frequency-to-time conversion on an input 
formed from a combination of said first and second 
Inputs. 

9. In an asymmetric digital subscriber line (ADSL) 
transmitter (100), a method for allowing a second 
signal source (38) providing a signal with a first fre- 
quency content to simultaneously use a telephone 
line (18). comprising the steps of: 

receiving a frequency-encoded ADSL data sig- 
nal (104); 

converting (1 06) said frequency-encoded 
ADSL data signal (104) into a time domain sig- 
nal (108) having a second frequency content 
substantially according to American National 
Standards Institute (ANSI) Standard AIMS 
T1.43, wherein 6ald second frequency content 
overlaps said first frequency content; 
changing (110/114) said second frequency 
content Into a third frequency content wherein 
said third frequency content does not substan- 
tially overlap any portion of said first frequency 
content; and 

transmitting the output signal having said third 
frequency content on tho telephone line, 

10. Aremote terminal (RT) (32) for connection to a tel- 
ephone line (18), comprising: 

a first terminal (104) adapted for being coupled 
to an asymmetric digital subset toer line (ADSL) 
signal source (11) having a first frequency con- 
tent 

a second terminal adapted tor being coupled to 
a second signal source (38) having a second 
frequency content wherein said second fre- 
quency content overlaps a portion of said fret 
frequency content; and 

a transmitter (108/1 107142/144) coupled to 
said first terminal (104). wherein eaid transmit- 
ter (106/110/142/144) changes said first fre- 
quency content into a third frequency content 
wherein said third frequency content does not 
substantially overlap any portion of said sec- 
ond frequency content 

wherein said ADSL signal source (1 1) and said sec- 
ond signal source (38) may simultaneously utilize 
the telephone line (18). 
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